deflections which occur at the collision point also emit softer gamma rays, called beamstrahlung. A device to detect these gammas is described. It has a converter to produce electron-positron pairs and a gas Cherenkov volume to detect them in the presence of a large, low energy, radiation background. The system is used for beam diagnostics at the SLC.
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1NTRODUCTI:ON
The concept of the linear collider is centerd on the collision of high intensity beam bunches of microscopic dimensions. The development of diagnostic procedures for the beams and their collisions will be important for the success of this new class of machines. In the case of the SLC, beam transverse dimensions are a few microns, with intensities up to 5 x lOlo in bunches a few millimeters long.
Measurements on single beams using fine carbon fibers have been described [ 1, 2] , and these are now most commonly performed by using the counters described here to measure the bremsstrahlung from the fibers. Also, when the beams are near collision, their fields are intense enough to deflect each other [3] , and the resulting radiation may be detected in this device and used to monitor the collisions.
THE ENVIRONMENT
Inside the Mark II detector, at the interaction point (IP) of the SLC, is a retractable target of carbon fibers [2] . Th ere are three fibers, 150 microns apart, of nominal diameters 30, 7 and 4.5 microns. The electrons and positrons collide head-on, and the single beam pipe is in a straight line extending through the last focusing stage of each beam line. The first significant dipole, Bl, is encountered by the exiting beam on its way to the dump at about 38 meters from the IP, and by 42 metres the beam has been deflected 6.9 cm. At this point, between beam line elements, there is room for some apparatus outside the vacuum pipe.
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The geometry of the beam line components makes it possible to monitor neutral radiation within a cone of half angle 1 mrad about the axis of the beams at the interaction point. The vacuum pipe is sized so that it comfortably contains the 1 mrad cone. At about 20 cm in front of the counter to be described, however, there is a flange, and the beam, deflected in Bl by about lo, continues in a pipe of 1.9 cm diameter ( fig. 4) . Th e edge of the counter is parallel to this narrow pipe, at a distance of 1.5 mm. The neutral radiation in the 1 mrad cone escapes from the vacuum tank through a 76 micron thick stainless steel window, and enters the face of the counter. There is room for only a narrow septum in the flange between the thin window and the 1.9 cm beam pipe.
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The dipole Bl has a field of 1.2 T. As the spent charged beam passes through it, a flux of synchrotron radiation is added to any radiation from the interaction point. The "critical energy" [4] of the spectrum is 2. . programs have been employed [6] , and they have the advantage of permitting calculations to be applied specifically to the spectral range relevant to a given _-counter configuration. Examples of simulation results are shown in figs. 1 and 2.
In the first, the signal from a counter, similar to that described below, is plotted against the impact distance between two beams of the same size and intensity, as . one of them is steered, pulse by pulse, on either side of the collision point with the other. Figure 2 shows the counter's photoelectron yield, for head-on collisions, versus beam size. The luminosity scale is also shown, assuming the nominal SLC operating frequency of 120 Hz. In fact, conditions of interest at SLC correspond to fluxes of lo5 up to more than lOlo gammas with energy above 20 MeV.
Each of these gamma rays also has a very small emission angle. It follows that the angular distribution of the radiation is the same as that of the charged beam during the collision. Deflections of the two charged beams conserve transverse momentum and so are coplanar, but of opposite sense in the transverse plane.
The same therefore applies to the radiation. The mean angle of the radiation, relative to the head-on collision case, is just half as much as for the charged beam deflection. In addition, even in the case of head-on collisions, the beams tend to disrupt each other, increasing the size of the divergence cones. This effect may
.be measurable using the radiation cones at high luminosities. The converter wall is, in fact, part of the stainless steel pressure vessel, and converts 3% of gammas at 50 MeV. Because the energies of the emerging electrons and positrons from beamstrahlung are so low, the converter was kept thin to reduce losses from severe multiple scattering. For bremsstrahlung studies, a 3 r.1. plate of lead is remotely moved into place in front of the counter, amplifying this high energy signal without consequences from multiple scattering.
The synchrotron radiation photons have a probability of Compton scattering in the Cherenkov gas, and the scattered electrons can cause scintillation. In order to minimize this, the counter is filled with ethylene [7] . If nitrogen were >-_T_ to be used, the resulting background would be equivalent-to the beamstrahlung -+-.-at a luminosity of 102gcm-2seci l. Since electron thresholds in the range of 20 _-MeV are needed, it follows that the counter must be operated at pressures below atmospheric.
The effects of multiple scattering in the converter plate are largely eliminated by using optics which image the converter onto the light detectors. Figure 4 illustrates the optical layout and the geometry of the counter. The design was intended to suppress the scattering of radiation into the light detectors, and to facilitate effective shielding.
A 21 cm Cherenkov emission path ends at the field mirror. This element, which must withstand the full intensity of the synchrotron radiation, was electroformed of nickel, and uses a reflecting coat of rhodium. It is 2.5 mm thick, has an optical radius of 33 cm, and has an aperture of 13.7 cm. It directs the light back through a waist at 17 cm, where an iris is formed from the next optical components.
A plane mirror reflects the light away from the beam line. As a step towards reducing the scattered radiation reaching the light detectors, the area needed to transmit the light to the image plane was reduced. This is done by channeling it between parallel reflector plates 3.2 cm apart. These were fabricated from -prepolished stainless steel, vacuum coated with aluminum. In addition, two 90"
reflections are used as a periscope to allow for more effective shielding.
As laid out in fig. 4 , this arrangement condenses the vertical projection of the image, and so the vertical angular distribution of the gamma radiation cannot be observed. On the other hand the horizontal projection is preserved. It is observed by imaging it on to a set of five photomultiplier tubes, side by side, outside the gas volume.
Photomultiplier tubes were selected as the light detectors because they are not particularly sensitive to the very low energy ionizing radiation in the area. 2 a-_T_ Still, massive shielding was necessary to suppress the incidence of photons which -L ---.-could scatter in or near the faces, producing electrons above 160 keV, the Cherenkov _-threshold in the glass in front of the photocathodes.
In practice, the ability to measure the horizontal distribution was implemented for the counter which observes radiation from the electron beam. The other c'ounter was rotated to measure the uerticalcdivergence of the positron beam.
In the plane perpendicular to the beam axis, the charged beam deflections are in opposite directions, and so this arrangement permits both horizontal and vertical components of deflection to be monitored. It is thus possible to track targeting offsets between charged beams which are nominally in collision.
The optical system is enclosed within a stainless steel pressure vessel. This The anode sensitivity and saturation characteristics of each tube were measured, using a light integrating box with controllable apertures and calibrated filters, and intense nanosecond pulses from a nitrogen laser. The short pulses simulated the sharp Cherenkov light timing. In fig. 5 is illustrated the space charge saturation curve measured for a typical tube. Note that when the SLC luminosity improves beyond 102gcm-2sec-' the tubes will operate partially saturated. It will be desirable to replace them at that stage, and we have found that mesh dynode tubes would eliminate the saturation problem. The voltage divider .base design is of the nonlinear type, to optimize instantaneous current delivery.
Components were chosen for radiation resistance.
The tubes for each counter were selected for similar sensitivity. given rise to a substantial bremsstrahlung background in the beam pipe. It has, however, been possible to measure beam dimensions with backgrounds even larger than the signal from the fiber, provided that the fluctuations were not too rapid. 2 >-_=.
----e.-When the beam is focussed some centimeters upstream or downstream of a fiber, and it is scanned across the fiber, only a fraction of the phase space is _-intercepted by the fiber on any given pulse. Beam trajectories from only a small range in angles can hit the fiber, and so the angular range of the bremsstrahlung is also restricted. As the charged beam is scanned across the fiber, the bremsstrahlung sweeps like a lighthouse beam..: Figure has not yet been strong enough, nor the deflection large enough, to measure the beam deflection using the gamma ray counter. But the intensity measurement has been brought into use to help tune the beams in collision. Beam-Beam Offset (pm) Fig. 8 
